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ABSORPTION OF HYDROGEN BY PALLADIUM AND ELECTRICAL RESISTIVITY
UP TO HYDROGEN-PALLADIUM ATOM RATIOS OF 0, 97
by Dumas A. Otterson and Robert J. Smith

Lewis Research Center

SUMMARY

The electrical resistivity of the palladium-hydrogen system (Pde) was measured
up to a H/Pd atom ratio x of 0,97 at temperatures of 4.2 and 273 K. The model
which Bambakidis, Smith, and Otterson proposed for the palladium-deuterium system is
applicable to the palladium-hydrogen system. The model can be used to explain (1) the
concentration dependence of the peak in resistivity as a function of temperature near 50 K
and (2) the concentration dependence of the scatter in resistivity due to quench rate from
273 to 4.2 K. The present results are virtually independent of the isotope involved. The
techniques used to attain values of x up to 0,97 are discussed. Hydrogen retention of
such specimens is also briefly covered,

INTRODUCTION

Bambakidis, Smith, and Otterson (ref. 1) recently proposed a model to explain the
structural portion of the relation between electrical resistivity and deuterium (D) con-
centration in palladium (Pd), The model explains data obtained at 4. 2 and 273 K. The
D/Pd atom ratio x ranged from approximately 0,2 to 0. 90,

At 273 K, an almost linear relation exists between the resistivity and the deuterium
(or hydrogen) concentration x in palladium, for x less than 0.7. In this concentration
region at 4. 2 K, the relation has a much greater curvature away from the concentration
axis for PdDX. To explain this difference, it was necessary to assume that the deuterium
ions were at least partially screened from the conduction electrons at 4.2 K for x less
than 0, 55. As x increased from 0. 55 to 1, Bambakidis, Smith, and Otterson assumed
two interpenetrating face-centered cubic lattices (NaCl type structure) with vacancies
being filled in the deuterium lattice. Thus, we obtain the maximum and the subsequent
decrease in resistivity as x approaches 0,90. The model predicts that the resistivity
should continue to decrease as X approaches 1,
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Hydrogen is generally considered to be electronically the same as deuterium. How-
ever, some differences in results for the two systems have been observed in the relation
between resistivity and temperature (refs. 2 and 3) and in neutron diffraction experiments
(refs. 2 and 4). In both PdHx and Pde where x is close to 0.6, a resistivity maximum
is found near 50 K (refs. 2 and 3). However, PdDO. 6 required much more time for its
resistivity to become constant than PdH 0.6 after cooling to a temperature near 50 K,
Neutron diffraction experiments by Ferguson, Schindler, Tanaka, and Morita (ref. 4)
revealed that, near 50 K, some hydrogen had moved from interstitial octahedral sites
(0, 0, 1/2; 1/2, 0, 0; . . .) of the palladium lattice to the tetrahedral sites (1/4, 1/4,
1/4; 3/4, 3/4, 3/4; . . .) (O-T transitions). These O-T transitions are used to explain
the peak in the curve of resistivity as a function of temperature near 50 K for x between
0.48 and 0. 70 (refs, 3 to 5). Also these transitions may be used to explain the peak in
the curve of specific heat as a function of temperature near 50 K for x between 0. 125
and 0,75 (refs. 4 and 6). However, the neutron diffraction results for PdDO_ 6 could not
be definitely interpreted in terms of O-T transitions even though diffraction pattern
changes occurred. (In a private communication, Schindler expressed the opinion that
O-T transitions in PdDX might have been seen if the specimen had been kept at 50 K for a
minimum of 4 hr prior to the neutron diffraction study.)

Therefore, the authors decided to study the PdH system at 4,2 and 273 K to deter-
mine if isotopic differences existed in the structural resistivity data for PdHX and PdDX.
The published resistivity as a function of hydrogen concentration for PdHX is limited
to concentrations up to x equal to 0. 88 and to temperatures above 273 K (refs, 7 and 8,
p. 55). However, the authors have developed techniques to attain H/Pd atom ratios
greater than 0,90, This new information permits the testing of the Bambakidis-Smith-
Otterson model to almost PdHl. 0 and lends added support to the arguments for the de-
pendency of the resistivity on vacancies in the NaCl structured Pd-H.

The techniques involved in charging palladium with hydrogen to H/Pd atom ratios
in excess of 0.9 are felt to be of significant interest to others in the field, Therefore,
the charging procedure and hydrogen retention are discussed in detail in this report.

EXPERIMENTAL

The experimental work involved specimen preparation, resistance measurements,
the determination of the hydrogen content of the specimens, and tests to indicate the re-

tention of hydrogen in PdHX.



Specimen Preparation

Treatment of specimen prior to charging. - The palladium wires used in this work
were 0,254 millimeter in diameter. The manufacturer stated that the impurity concen-
tration, including interstitials, was less than 0, 01 percent, The wires were annealed
by joule heating to 900° C in a vacuum of 5. 0x1078 torr (7><10_6 N/mz). The wires were
cut to about 8-centimeter lengths, rinsed in acetone, and then in chloroform. Next, they
were soaked several minutes in concentrated hydrochloric acid, They were finally
rinsed with distilled water just before being placed in the electrolysis cell for the elec-
trolytic preparation of Pde.

Electrolytic charging with hydrogen. - In the most successful modification of the
charging procedure, electrolysis was carried out in a 250-cubic-centimeter beaker using
a graphite anode and the palladium specimen as the cathode, The anode, two high-purity
spectrographic grade 3/16-inch- (0. 48-cm-) diameter rods, was placed in a porous
battery cup. The cup was 1 inch (2, 54 cm) in outside diameter and 3 inches (7. 62 cm)
tall, It had 1/8-inch- (0.32-cm-) thick walls, One cubic centimeter of formalin (40 per-
cent formaldehyde) was added to the cup prior to adding electrolyte. The electrolyte was
about 250 cubic centimeters of 0.1 normal sulfuric acid containing 0. 25 gram of photo-
graphic grade sodium sulfide flakes. In general, the charging current density was about
8 milliamperes per square centimeter., The charging periods were as long as 18 hours.
Other less successful modifications of the charging procedure involved the use of various
anode materials, cell configurations, and electrolytes,

Because oxidizing agents were sometimes detected in the electrolyte, the electro-
lytes were often tested for hydrogen peroxide and a peroxysulfate, The test for hydrogen
peroxide consisted of adding 1 cubic centimeter of a dilute acidic solution of tetravalent
titanium (about 1 molar) to about 10 cubic centimeters of electrolyte, If the mixture
turned yellow, peroxide was indicated. If no peroxide was indicated, the following test
was used for peroxysulfate. Equal volumes of the electrolyte, reagent grade hydro-
chloric acid, and a solution containing 0. 1 percent (by weight) of tolidine in 0. 1 normal
hydrochloric acid were mixed and heated. The formation of a yellow color in the hot
solution indicated a peroxysulfate (most probably persulfate).

Resistance Measurements

Technique. - The resistance measurements were made at 4.2 and 273 K on the an-
nealed specimens before and after hydrogen absorption. We used the conventional four-
probe potentiometric technique. A constant current source with a stability of 0, 001 per-
cent and a potentionmeter with an accuracy of 0. 001 percent and capable of measuring
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10'8 volt were used. The current was 10 milliamperes for all measurements, This cur-
rent was determined by measuring the potential drop across a 1-ohm standard resistor
having an accuracy of 0.01 percent. We estimate the error in resistance measurement to
be about 0.01 percent,

The resistivity data are presented in terms of the resistivity ratio pX/p o' The resis-
tivity of the annealed palladium specimen at 4.2 or 273 K is p o The resistivity of the
same section of the specimen at the same temperature after hydrogen absorption is Py-

Specimen holder. - The specimen holder was a phenoformaldehyde board (0.18 by 7 cm
by 5.5 cm) designed to permit rapid quenching. The connections to the specimen were
made mechanically through phosphor bronze contacts, Five potential contacts were
spaced about 1 centimeter apart on the board. Holes, slightly less than 1 centimeter in
diameter, were drilled through the board between the contact points to permit intimate
contact of the specimen with liquid helium, Because resistance readings could be obtained
for four sections of the specimen, some of the hydrogen concentration gradients along the
specimens could be detected. With this holder, the temperature of the board could be
reduced from 273 to 4.2 K in about 8+2 seconds, In preliminary work more massive
holders were used; as much as 30 seconds were needed to quench a specimen with these

holders.

Determination of Hydrogen in the Specimen

For determination of the H/Pd atom ratios x, each specimen was sectioned into
four 1-centimeter pieces that corresponded to the spacing of the potential contact posi-
tions on the specimen holder. Within 1/4 hour after completing the resistance measure-
ments, each specimen was either immersed in liquid nitrogen (for subsequent chemical
analysis) or placed directly into an analysis chamber from which the air was immediately
evacuated, After evacuation to about 10'6 torr (1. 4><10'4 N/mz), the hydrogen was re-
moved by heating separately each 1-centimeter section for 1/4 hour at 573 K in the
isolated evacuated system. The hydrogen was expanded into and determined by a mass
spectrometer that was capable of 1 percent precision, This precision was achieved by
determining the sensitivity of the mass spectrometer to hydrogen gas every day. The
only results that were used were those obtained when the sensitivity did not change by
more than 1 percent from the previous day. In addition, the expansion system of the
mass spectrometer was calibrated using a precisely known number of micromoles of
gas, The completeness of hydrogen removal from the specimen under these conditions
was tested by determining the amount of hydrogen that could be removed in a subsequent
gas collection at 100° above the initial collection temperature, The specimens (usually
about 6 mg) were then weighed to three significant figures,



Techniques for Study of Hydrogen Retention in Palladium-Hydrogen

When the H/Pd atom ratio exceeds 0.7 for a specimen stored at room temperature,
the hydrogen tends to evolve. We therefore tried to determine the error arising from the
time lapse between the resistivity measurement and the hydrogen determination of the
specimen, The retention was studied by two methods: one based on the direct deter-
mination of hydrogen content and an indirect method based on the change in resistivity
of the specimen (function of the hydrogen concentration) with time, The direct method
could be used to study the change in hydrogen content due to aging in any medium and at
any temperature, The retention was tested at 77 K (in liquid nitrogen) and at room tem-
perature in air, water, electrolyte, and vacuum. The indirect method was limited to
study of the retention in water at 273 K and liquid nitrogen, The results from the direct
method were more erratic than those of the indirect method. The direct method required
the assumption that the specimen was evenly charged along its length while the indirect
method did not.

HYDROGEN ABSORPTION BY PALLADIUM
Results of Charging Process Studies

Achievement of high concentrations, - The charging process as described was found
to be effective in producing PdHX with x greater than 0.9, Values as high as 0,97 could
generally be attained in about 2 hours. The preliminary experiments showed that the
presence of several types of substances in the electrolyte inhibited the production of high
H/Pd atom ratios by virtue of their reduction at the Pde electrode. These substances
might be added to the electrolyte from impure reagents, the anode partially dissolving,
or oxidants being formed at the anode.

Selection of anode material, - Certain metallic anodes (such as copper, gold, and
nickel) were found to be unusable. These metallic anodes dissolved slowly and plated
out on the cathode, This plating slowed or stopped the absorption process. Platinum
and palladium anodes were not used because of the considerable effort that would have
been required to determine whether any anodic material had transferred to the cathode,
The difficulty with aluminum was still more subtle, Aluminum became anodized in acid
solution and therefore dissolved very slowly. Emission spectrographic analysis indicated
that no aluminum plated out on the PdH, cathode; however, the possibility existed that
impurities in the aluminum can dissolve and be reduced at the cathode, Although iron
was never used as an anode, several times the presence of iron was detected on dis-




colored cathodes. Thus, spectrographic grade graphite, being free of these side effects,
was found to be the most suitable anode,

Effect of anodically formed oxidants. - The preliminary tests also showed that at
least two oxidants were formed even at the graphite anode. The presence of hydrogen
peroxide was detected in the electrolyte after extended periods of electrolysis, primarily
in the anode chamber. Occasionally, a peroxysulfate was found instead of hydrogen
peroxide, Such oxidants could prevent the formation of a high H/Pd atom ratio if they
accumulated at the cathode. Neither oxidant was found in the electrolyte that had been
used less than several hours. The effects of these oxidants were minimized by always
(1) using fresh electrolyte, (2) using a porous cup to slow down diffusion between the
anode and cathode, and (3) adding formaldehyde (a reducing agent) to the anode chamber,
The effectiveness of these three techniques was substantiated as described in the follow-
ing paragraph.

When electrolytic charging of palladium is studied as a function of the duration of
charging, the resulting curves generally showed features similar to those in figure 1;
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Figure 1. ~ Electrolytic charging of palla-
dium, Electrolyte, 0.1 normal sufuric
acid solution with formaidehyde,

namely, as electrolysis proceeds, The H/Pd atom ratio x increases rapidly, levels off,
and then begins to decrease with time. All charging procedures that continued long enough
generally showed these features even though the charging rates were different. Even with
apparently identical procedures, the charging rate varied somewhat from specimen to
specimen, Anodically formed oxidants were generally found in the electrolyte after x
showed a decrease. When the electrolyte was replaced, an increase in x with additional
charging could be detected. When both the porous cup and formaldehyde were used, the
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value of x remained at the maximum for a much longer charging period. Indeed, this per-
iod was about 18 hours with formaldehyde present, Without formaldehyde, this period may
be less than 1 hour.

The described features are found in figure 1. Figure 1 presents x plotted against
time for electrolytic charging of palladium according to the recommended procedure ex-
cept that no formaldehyde was present. The rate of hydrogen absorption was usually
higher with higher current densities, but the maximum value of x that could be attained
was generally less.

Results of Hydrogen Retention Studies

The work presented in this section was designed to test a necessary assumption;
namely, the measured value of x was the value when the resistance measurement was
made. In general, the work indicated (1) that virtually no hydrogen was lost in PdHX
upon aging up to 36 hours in liquid nitrogen and (2) that less than 2 percent of the hydro-
gen is lost upon aging 1/4 hour near room temperature in air or water.

Observations based on direct hydrogen determinations, - Mass spectrographic

determination of hydrogen was based on the assumption that the hydrogen concentration
along the specimen was constant. This was not always true, and so the results were
somewhat variable. However, several observations can be made. The rate of loss of
hydrogen in vacuum, water, or fresh electrolyte was generally found to be slightly less
than that in air with no rate more than 2 percent per 1/4 hour. However, hydrogen was
completely lost within 48 hours if the specimen was stored in electrolyte containing
hydrogen peroxide. The peroxide could be either formed anodically or added to fresh
electrolyte as stabilized reagent grade hydrogen peroxide. For example, in one instance,
peroxide was detected when electrolysis was terminated and the aging began., The H/Pd
atom ratio was about 0, 86. After 3 days, no peroxide could be detected in the electro-
lyte and no hydrogen was found in the specimen. In contrast, on numerous occasions
portions of specimens stored overnight in liquid nitrogen showed the same hydrogen
content as other portions analyzed immediately.

Observations based on resistivity measurements. - Typical results obtained from

observing the change of pX/p0 with the time a specimen is aged in water at 273 K are
shown in figure 2. Direct analysis indicated that x equaled 0. 86 initially and 0. 66 at
the end of the test. If one uses the relation between resistivity and concentration (fig. 4,
p. 11), which is presented and discussed in detail in the section EFFECT OF HYDROGEN
CONCENTRATION ON RESISTIVITY OF PALLADIUM-HYDROGEN, one can estimate the
rate of hydrogen loss from figure 2. Upon referring to figure 4, one can interpret fig-
ure 2 as follows: the initial rise in px/p o represents a decrease in X from about

0.86 to 0,75. In the region of the maximum, x can decrease with no detectable change
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Figure 2. - Change in resistivity ratio for PdH stored in water at
273 K. Hydrogen-palladium atom ratio: initial, ~0. 86; final,
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in px/po. The subsequent decrease in px/p o also represents a decrease in x from
about 0, 70 to 0. 66. In other words, figure 2 represents a continual loss of hydrogen. It
should be noted that the change in px/ Po for the first 10 hours suggests that the decrease
in x would be less than 0. 07 (or less than 0. 01 during the first 1/2 hr of aging).

Referring again to figure 2, the arrows indicate periods of aging in liquid nitrogen of
at least 36 hours. It is quite obvious that no detectable loss of hydrogen resulted, The
stability in liquid nitrogen allows us to store samples of PdHX after the resistance meas-
urements without increasing the error in the hydrogen determination,

Comparison of Electrolytic Method With Absorption From Hydrogen Gas

At standard conditions, considerably higher concentrations of hydrogen can be ab-
sorbed by palladium by electrolytic techniques than by absorption from the gas., With
our electrolytic technique, H/Pd atoms ratios as high as 0, 97 were attained, while
pressure-concentration relations (ref, 8, p. 21) indicate that a H/Pd atom ratio of only
0. 72 can be attained by absorption from the gas at 273 K and 1 atmosphere (1. 01><105
N/m2) pressure. Furthermore, these relations also indicate that hydrogen must be in
excess of 1000 atmospheres (1. o1x108 N/mz) in order for x to exceed 0.9. We do not
expect to have hydrogen at 1000 atmospheres (1. 01><108 N/m2) as the result of electro-
lysis in a cell open to the atmosphere, Therefore, we believe another variable is the
cause for the enhanced hydrogen absorption attained with cathodic deposition,

One may postulate that this variable is the hydrogen atom concentration in the ab-
sorbed layer. Andrews and Ubbelohde's (ref. 9) work implied that a high concentration
of hydrogen atoms in the adsorbed layer would lead to a hydrogen concentration in the
specimen in excess of the value in equilibrium with the gas. It is generally believed



that cathodic deposition of hydrogen from an acid solution produces adsorbed hydrogen
atoms initially on the cathode; because of this, the catalytic activity of the surface,

which influences the adsorbed atom concentration, can also be expected to affect the
absorption process, On a catalytically active surface, the rate of association of hydro-
gen atoms to molecular hydrogen would be rapid. Hence, the hydrogen atom concentra-
tion would be less on the catalytically active surface than on an inactive one. Moreover,
the concentration of hydrogen that can be absorbed by a catalytically active surface

would be less than that of an inactive surface. It should be noted that the adsorbed hydro-
gen may be composed of either a simple atom or a hydrogen ion and an electron which
are far enough apart to be considered separate entities.

Lewis (ref. 8, p. 68) reported that palladium cathodes with '"bright'* or '*smooth'
surfaces generally have low catalytic activity. And the amount of hydrogen that can be
absorbed as the result of electrolysis may substantially exceed the amount absorbed by
palladium with catalytically active surfaces. In our work, we observed that values of
X in excess of 0,95 could only be prepared consistently if sulfide ion was present in the
electrolyte. Sulfide ion is generally believed to be a catalytic poison for the recombina-
tion of hydrogen atoms on a metallic surface (ref. 10). Therefore, we believe that the
catalytic activity of the palladium cathodes in the presence of sulfide ion was consistently
very low, which resulted in high values of x.

The role of adsorbed hydrogen atoms in hydrogen absorption by palladium is further
elucidated by another observation by Lewis (ref. 8, p. 97); that is, catalytic poisons
(such as certain compounds of sulfur and arsenic) are shown to hinder the absorption of
hydrogen from the gas by palladium, This effect can be understood if hydrogen is ab-
sorbed by palladium as atoms but not molecules. The hydrogen adsorbed on the pallad-
ium surface from the gas has at most a low concentration of atoms. Hydrogen absorption
would remove the atoms from the surface which must be replaced for absorption to con-
tinue. If the surface is catalytically inactive (i. e., poisoned) the rate of dissociation of
hydrogen molecules would be slow. Hence, the rate of hydrogen absorption would be
slow, as was indicated by Lewis. Thus, support is given to the viewpoint that hydrogen
atoms but not hydrogen molecules are absorbed by palladium.

We can summarize our mechanism for hydrogen absorption by palladium as follows:
Hydrogen atoms but not molecules are absorbed by palladium from the adsorbed layer.
The concentration of hydrogen absorbed in the palladium is a function of the hydrogen
atom concentration in the adsorbed layer, which is a function of the rate at which the
atoms are replaced in the adsorbed layer. This aspect of the mechanism is equally
applicable to high temperature gaseous charging as well as electrolytic charging.



Results of Resistivity Measurements and Discussion of Scatter

Figures 3 and 4 present px/p o Plotted against H/Pd atom ratio for 4.2 and 273 K.
At 4.2 K, px/p o shows little change up to x approximately 0.36. As x increases
above 0. 36, pX/p o increases more rapidly and reaches a peak value of 116 for x approx-
imately 0.70. Then px/po decreases to about 45 for x equal to 0.97. At 273 K (fig. 4)
px/po increases almost linearly for x between 0.02 and 0.70. Between 0.7 and 0. 8
px/po reaches a maximum value of 1.9 and then decreases to about 1. 35 for x approx-
imately 0.97. A rapid change in the slope of the curve occurs for x less than 0. 02,
This "knee'* has been reported by others and is attributed to the start of the g-phase
for increasing x (ref. 8, p. 50).

The errors in resistance measurements and determinations of x cannot account for
the scatter in the data of figures 3 and 4. One source of error would be the presence of
hydrogen in voids. This hydrogen does not necessarily influence the resistivity but is
included in the measured value of x, Hence, for a given pX/ Po value, the lowest value
of x in a given portion of the envelope of data points is felt to be the most representa-

tive of the hydrogen concentration in the palladium lattice.
In the region of the maximum, an additional systematic error arises. Here the lower
values of px/p o for a given value of X may be in error because of uneven distribution
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of hydrogen along the Pde lattice specimen, This effect of uneven distribution can be
understood if we remember that the measured values of x and px/p o are the averages
of those of each tiny segment of the 1-centimeter section. A section containing a seg-
ment with x less than that at the peak and another with x greater than that at the peak
would show a px/po less than the peak value because the values of px/po for both seg-
ments would be less than the maximum. This reasoning associates the higher px/p o
values with the least error.

In the data for x greater than 0. 36 in figure 3, the scatter appears the greatest,
We attribute some of this scatter to a possible difference in quench rates from 273 to
4.2 K for the specimens used. The quench rates could differ by as much as 40 percent
(8+2 sec). It is possible that some O-T transitions (or B -~ $*) occurred. Haywood and
Verdini (ref. 5) reported that these transitions are time dependent.
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Comparison of the Bambakidis-Smith-Otterson Model

With the Palladium-Hydrogen System

The model in terms of palladium-hydrogen. - The results obtained for the Pde
system are consistent with the model proposed for the Pde system by Bambakidis,
Smith, and Otterson (ref. 1). The curves at 4.2 and 273 K for px/p o 28 a function of
x (figs. 3 and 4) are quite similar to those for PdDX. The values of x at which inflec-
tions occur are almost the same for both systems. The main difference is that the
maximum value for px/p o is somewhat lower for PdHX than for PdDX. This difference
may be associated with the fact that ions of these two hydrogen isotopes have different
masses and spins. However, for x less than 0. 36 at 4.2 K, px/po values are essen-

tially equal.

The model is now briefly summarized in terms of the Pde system. As hydrogen
is added to palladium, its electron first enters holes in the d-band of the palladium lat-
tice. Vuillemin has deduced from deHaas-vanAphen experiments that pure palladium
has 0. 36 hole in its d-band (ref. 11). Presumably, the lattice expansion, caused by the
hydrogen absorption, and the presence of interstitial hydrogen ion alter the Fermi sur-
face and cause the failure of the rigid band model noted in reference 1. This change in
the Fermi surface increases the level at which the d-band is filled to x equal to 0. 55.
At 4.2 K, using the covalent bond picture, the hydrogen ions are screened from the
conduction electrons by the highly localized palladium d-band for x between zero and
0.36. The screening decreases as X increases from 0,36 to 0, 55 resulting in a more
rapid increase in px/po. Also the screening effect of the d-band, observed for x less
than 0. 55, decreases as the temperature increases from 4.2 K. With no screening at
all, we would expect the curves drawn through the data at 4.2 and 273 K to be similar
in shape. In order to explain the peak and the subsequent decrease as x approaches 1,
two interpenetrating face-centered cubic lattices (NaCl lattice structure) are assumed
with vacancies in the hydrogen lattice being filled as hydrogen is absorbed. This would
give rise to a periodic lattice potential and decreasing resistance as x approaches 1,

The theoretical curve for the PdD - system was based on the assumption that
px/p o= 1 when x= 1, Recent findings tend to support this assumption for hydrogen,
Extrapolation of the curves drawn in figures 3 and 4 suggests that px/p o may be 1 when
X equals 1. Further support can be derived from the work of Baranowski and Wisniewski
(ref. 12), which shows that px/p o €quals 1.02 for a palladmm specimen in equilibrium
with hydrogen above 15 000 atmospheres (1. 5><10 N /m ). Calculations based on their
work and ours imply that the H/Pd atom ratio in the palladium lattice was 0. 95 (see the
appendix). However, Po. 95/p0 at 1 atmosphere would probably be greater than 1. 02,
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since the resistivity of most metals decreases with increasing pressure (ref. 13). The
model gives a satisfactory description for the shapes of the curves drawn through the
hydrogen data at 4. 2 and 273 K and for the differences in the slopes for x less than 0. 7.

Results that are explained by screening effect concept. -~ Scatter is observed at 4.2 K
that is due to variations in quench rate for x greater than 0, 36 but not for x less than
0.36. We attribute some of this scatter to O-T transitions which occur down to at least
X equal to 0, 125 (refs. 4 and 6). The absence of this type of scatter for x less than
0. 36, even though O-T transitions occur, can be ascribed to the screening effect. How-
ever, the effect of screening on the resistivity may be observed for higher values of x.
Moreover, as the value of X is reduced from 0, 55, the height of the resistivity peak in
the resistivity against the temperature data near 50 K is drastically reduced (refs, 3
and 5). Infact, no peak has been observed for x less than 0.48. While the resistivity
is primarily a measure of the electron scattering processes, specific heat measures the
energy of the total system. Therefore, specific heat is not affected by screening, and
specific heat peaks near 50 K have been observed for all values of x used, (Our obser-
vations on changes in Py for x approximately 0. 90, below 50 K lead us to believe that
O-T transitions occur for all values of x in which the B-phase is present. It seems
that the observed time dependency for O-T transitions may be a function of x.)

In addition, the similarity in the px/p o values for both Pde and Pd.Hx where x is
less than 0. 36 can also be attributed to screening. Thus, it appears that where screen-
ing is dominant the resistivity is almost independent of the hydrogen isotope or its loca-
tion in the palladium lattice.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, July 24, 1969,
129-03.
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APPENDIX - ESTIMATION OF HYDROGEN-PALLADIUM ATOM RATIO OF
PALLADIUM IMMERSED IN HYDROGEN AT HIGH PRESSURE

Baranowski and Wisniewski (ref. 12) show that R/Ro (the resistance ratio at room
temperature) equals 1, 02 for palladium immersed in hydrogen at the highest pressure
they reported. This was above 16 000 atmospheres (1. 6><109 N/ cmz). No values were
given for the hydrogen content of their specimens when the resistance was measured.
Because px/po (which is the same as R/R o) is known as a function of hydrogen content
of palladium (fig. 3), we can estimate the hydrogen content of the Baranowski and
Wisniewski specimens in the region where our pX/p o data overlap their R/R o data.
There may be some error due to the difference in temperature at which the two sets of
data were obtained. However, no other data are currently available,

It has been shown that (ref. 7)

where p is pressure and b is a constant. By substituting the values of H/Pd and the
corresponding values of p in this equation, the value of b can be estimated (see table I).

TABLE I. - DATA FOR ESTIMATION OF ''b"!

Resistivity | Hydrogen-palladium (Hydrogen Constant,
ratio, atom ratio from pressure, b
px/po fig. 3, In py
H/Pd (a)
1.35 0.935 8.84 36.1
1.40 .925 8. 54 36.3
1.50 . 905 7.92 36.8
1.60 . 880 7.19 37.8
Average 36.8

4These values of In Py were obtained by using a curve pre-
2
pared by plotting Py against log ay data taken from the
2 2

figure given in reference 4,

Upon substituting the average value of b and 16 500 atmospheres for the highest
pressure indicated on their curve, an x of 0,95 is obtained.
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